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A B S T R A C T
Objectives: To describe audiometric characteristics and speech perception performances of prelingually
deaf Sicilian children after cochlear implantation; to identify the inﬂuence of cochlear implant (CI) user
and family’s characteristics on speech recognition and intelligibility outcomes.
Methods: Twenty-eight infants with a congenital or acquired hearing impairment and implanted before
the 3rd year of life were studied; all children suffered from bilateral sensorineural hearing loss (SNHL)
with evidence of lack of hearing aids beneﬁt and no evidence of intellectual disability. The study of the
main characteristics associated with CI user and family’s proﬁle was performed with a clinical
assessment including pre-implant and post-implant (1, 3, 6, 12 and 18months) behavioural audiometry
(evaluating average threshold for the frequencies 0.5, 1, 2 and 4 KHz) and speech recognition tests (IT-
MAIS, MUSS, CAP and SIR).
Results: Our cohort was characterized by an early diagnosis of SNHL (5.77 and 12.17 months for
congenital and acquired HL respectively), a short length of deafness (average = 6.78 months) and an
implantation before the 3rd year of life (mean = 24.25 months; range from 10 to 36). Analysis of
audiometric threshold revealed a signiﬁcantly improved capacity to detect sounds within the
conversational speech spectrum after 12 months from implantation (r = 0.99; p < 0.001). The main
speech recognition test evidenced speech perception and speech intelligibility performances (CAP
median value of 3; SIR category = 3 in 46.42%) equal to those children with same characteristics reported
by literature.With the exception of ‘daily CI use’ (p < 0.001), none of the variables associatedwith CI user
and family’s proﬁle resulted signiﬁcant predictor of speech perception improvement.
Conclusions: This work demonstrates that all children of our cohort, with an early diagnosis of SNHL and
a CI surgery performed before the 3rd year of life, presented a progressive audiometric and speech
improvement through the ﬁrst 12–18months after cochlear implantation. The study also highlights that,
differently from the others variables studied, a continuous CI use inﬂuences signiﬁcantly speech
perception and recognition outcomes.
 2013 Elsevier Ireland Ltd. All rights reserved.1. Introduction
World literature have demonstrated improved auditory speech
recognition and speech production ability in prelingual profound
sensorineural hearing loss (SNHL) children after cochlear implan-
tation [1–8]. The amount of beneﬁt in speech recognition, however,
varies among children and appears to depend on several factors.
These factors include demographic and hearing characteristics of* Corresponding author at: Via Autonomia Siciliana 70 – 90143 Palermo, Italy.
Tel.: +39 091 545666; fax: +39 091 6554271.
E-mail addresses: francesco.martines@unipa.it,
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http://dx.doi.org/10.1016/j.ijporl.2013.01.023the child, as well as features of the implant device [3,4,7] In
particular most studies have primarily investigated the character-
istics of the cochlear implant (CI) user, the role of age of
implantation, amount of residual hearing, mode of communication
in education, family support and the educational setting [9–13]. Of
the features related to the device, the majority of the research
focused on the implant and on the effects of speech coding strategy
within the implanted device and on the daily CI use. Geers et al.
suggested that children with the highest non-verbal intelligence,
newest technology, oral communication, and situated in ordinary
educational settings had the best speech recognition skills [9].
Connor et al. found that the effect of total communication versus
the effect of oral communication on speech recognition was
minimal [10]. So it is possible that new technology, early
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major role than mode of communication.
Moreover some studies ﬁnd that characteristics of the CI user
account for a large part of the variability, and age at implantation
seems to be together with daily CI use the most important factors
[1–8,11–16].
All works cited above have explored speech performances of
English, French, Belgian and Dutch children with CI; in Italy and
speciﬁcally in Sicily, similar investigations were rarely performed
with a consequent lack of knowledge and poorer data regarding
our region.
From previous reports SNHL incidence in Western Sicily
resulted 2.95/1000 on well babies, increasing 50-fold on infants
at risk [17–19]; considering the high percentage of profound HL
(44.68%) discovered, mainly related to genetic causes, it is clear
that many children are potential candidates to CI [17–20].
Because of the expectations (in terms of intelligibility and
speech development) of the families who choose to submit their
child to CI surgery, there is a compelling need to investigate the
main audiometric and speech outcomes in a deﬁned group of
SNHL infants after cochlear implantation. Results from this
study, useful to reply to critics and counsel parents, could be
generalized to other children who need of CI and used to
monitor the development of speech perception and intelligibili-
ty as well as to establish appropriate parental expectations.
The aim of this work was to analyze audiometric characteristics
and speech perception performances of the CI users over a 12–18
months follow-up period; studying family and CI user’s proﬁle, to
identify the main predictors of speech intelligibility and recogni-
tion improvement.
2. Materials and methods
2.1. CI users and families’ proﬁle
This study was carried out by the Department of Audiology,
University of Palermo, and investigated 28 children who were
congenitally deaf or deafened before the age of 2 years and
implanted before the 3rd year of life. Additionally, all infants
studied had a bilateral SNHL with evidence of lack of hearing aids
beneﬁt and no evidence of intellectual disability.
Following ethical Committee approval, the study protocol was
fully explained to parents, and written consent was obtained for
each child.
The diagnosis of SNHL was performed by experienced
audiologist and otorhinolaryngologist and consisted of ABR
(AMPLAID mk22 auditory evoked potentials system); click stimuli
were presented starting at a level of 100 dB HL. With step sizes of
10 dB the level was decreased until no response was found. The
response threshold was estimated by the lowest level at which a
response was found. TEOAE (Otodynamics ILO 288 USB II system
with standard setting) and tympanometry (Interacoustics AT 235H
system) measurement were used to conﬁrm the diagnosis. The
morphologies of middle and inner ear were evaluated with high
resolution computer tomography (HRCT) and all showed no
pathological CT ﬁndings.
Each child was also assessed by a neuro-paediatrician to
exclude the presence of any additional confounding non-auditory
handicaps which would affect their performance on any of the test
measures.
The CI user and family’s characteristics investigated were the
following: age and gender of the infant, number of family’s
members (3 or less; 4–5; 6 or more), educational status of the
parents (primary; high school; university), economic status (low;
medium; high), mother’s work status (housewife; working), kind
of support service (public or private speech therapy) and theexpectations of the family (F.E.1 – Implant will not provide normal
hearing; child will probably function like a child with a severe
hearing loss; the process will take time. F.E.2 – Implant will allow
child to function as a childwith amoderate hearing loss and reduce
the need for educational support services. F.E.3 – Implant will
provide normal hearing). Deafness onset time (congenital/
acquired), age of hearing loss ﬁrst diagnosis, length of deafness,
ABR threshold V wave, use of hearing aids (NO; YES bilateral; YES
unilateral) and age at implant were also studied. Finally speciﬁc
data about the CI device (length of CI use, implant type, speech
coding strategy, stimulation rate, number of channel and number
of active electrodes) were collected.
2.2. Audiometric test
Audiometric test was performed routinely in free ﬁeld using
standard age-appropriatepaediatric test battery; even if thepractice
of the our centrewas toprovide children the optionof usingbimodal
stimulation (cochlear implant and hearing aid), all postoperative
audiometric measures were not performed in the bimodal condi-
tion; therefore all results extracted for this studywere obtained in a
unilateral cochlear implant mode. The audiometric threshold of the
ear implantedwas evaluated calculating the pure-tones average for
the frequencies 500, 1000, 2000 and 4000 Hz.
2.3. Questionnaires
The clinical assessment protocol for the CI users included pre-
implant and post-implant (1, 3, 6, 12 and 18 months) speech
recognition testing to determine candidacy and to establish baseline
functioning. A composite questionnaire was constructed and
included questions from the meaningful auditory integration scale
(MAIS),meaningfuluseof speechscale (MUSS), categoriesof auditory
performance (CAP), and speech intelligibility rating (SIR) [21–24].
The IT-MAIS (Infant Toddler-MAIS) questionnaire includes 10
questions posed to the parents in an interview schedule regarding
their child’s spontaneous listening behaviours in everyday situations.
The questions reﬂect three different areas of auditory skills
development: changes in vocalization associated with device use,
alertness to sounds in everyday environments and derivation of
meaning from sound. The MUSS assesses the child’s ability to use
speech and language meaningfully. It also consists of 10 questions
related to the development of the child’s speech and language,
including an evaluation of the vocalization efforts, communicative
interactions and the use of oral language. Scores for each question
range from 0 (‘‘never demonstrates the behaviour’’) to 4 (‘‘always
demonstrates the behaviour’’). The maximum score for IT-MAIS and
MUSS is 40.
CAP comprises a non-linear and hierarchical scale of auditory
receptive abilities, the lowest level describing no awareness of
environmental sounds, with the highest level being represented
by the ability to use a telephonewith a known speaker. CAP is not a
closed-set laboratory type test but ameasure of everyday auditory
performance and thus reﬂects the ‘‘real life’’ progress of children
in the developing use of audition. Furthermore, the inter-observer
reliability of this scale has been formally conﬁrmed [25].
The speech intelligibility rating (SIR), developed in 1989, was
used as a framework to rank the child’s spontaneous speech into
one of ﬁve hierarchic categories [23,24]. SIR is not a performance
test and like MAIS and MUSS designed as a time-effective global
outcome measure of speech production in real-life situations.
2.4. Statistical analysis
Statistical analysis was performed with Matlab1 computer
program;x2 test, Fisher’s Exact Test, linear regression (r value) and
Table 1
Patients’ proﬁle and CI characteristics.
Gender n (%) Pre-implant use of hearing aids
Male 18/28 (64.28%) Yes 17/28 (57.15%)
Female 10/28 (35.72%) No 11/28 (42.85%)
Deafness onset n (%) Age at implantation (Months)
Congenital 22/28 (78.57%) Mean S.D. 24.25m8.28
Acquired 6/28 (21.43%) Range 10m–36m
Median 24.5m
Age at diagnosis (Months) Time between diagnosis and CI surgery (Months)
Mean S.D. 7.14m4.46 Mean S.D. 17.10m7.77
Congenital 5.77m3.32 Range 3m–31m
Acquired 12.17m4.75 Median 18m
Range 2m–18m Use of CI
Median 6m Daily 24/28 (85.71%)
Congenital 5.5m Discontinuous 4/28 (14.29%)
Acquired 10.5m Bimodal stimulation
Length of deafness (Months) Yes 5/28 (17.86%)
Mean S.D. 6.78m4.20 No 23/28 (82.14%)
Congenital 5.77m3.32 Length of CI use (Months)
Acquired 10.5m5.28 Mean S.D. 20.14m10.28
Range 2m–17m Range 12m–51m
Median 6m Median 16m
Congenital 5.5m
Acquired 8.5m
ABR threshold (dB HL)
Mean >100
Min–max 90–>100
Median 100
Table 2
Study of families’ proﬁle and correlationwith expectations and speech performance
scores.
Family proﬁle n (%) Expectations Speech
performances*
Economic status
Low 6/28 (21.44%) p<0.0001 ns
Medium 11/28 (39.28%)
High 11/28 (39.28%)
No of members
3 or less 12/28 (42.86%) p=0.5 ns
4–5 14/28 (50%)
6 or more 2/28 (7.14%)
Mother’s work status
Housewife 14/28 (50%) p=0.007 ns
Working 14/28 (50%)
Education
Primary school 8/28 (28.58%) p=0.01 ns
High school 8/28 (28.58%)
University 12/28 (42.84%)
Support service
Public speech therapy 13/28 (46.43%) p=0.008 ns
Private speech therapy 15/28 (53.57%)
Expectations
F.E.1 9/28 (32.14%) – ns
F.E.2 11/28 (39.28%)
F.E.3 8/28 (28.58%)
* Statistical analysis for p<0.05 relative to IT-MAIS, MUSS, CAP and SIR scores.
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Signiﬁcance was set at 0.05.
3. Result
3.1. CI users’ proﬁle
Twenty-two children suffered from congenital hearing loss
and six lost their hearing before the 16th week of life (deafness’
onset mean value = 6.66 weeks  4.84) (Table 1). All children, 18
males and 10 females (male: female ratio = 1.8) presented bilateral
hearing loss with an hearing threshold mean value > 100 dB HL.
The age at ﬁrst diagnosis of hearing impairment ranged from 2 to
18 months with a mean of 7.14 months  4.46 (5.77 months  3.32
for congenital HL and 12.17 months  4.75 for acquired HL) while
the length of deafness ranged from 2 to 17 months (mean value of
6.78  4.20 months). All children were enrolled in an intensive
auditory-verbal therapy programme for the deaf; in particular 15
cases (53.57%) beneﬁted of private speech therapy while the others
(46.43%) of the public one. In 11 cases (42.85%), hearing aids use
was discontinuous while in 57.15% it resulted daily and continu-
ous. In the 75% of subjects (9/12) who have beneﬁted of public
speech therapy, the hearing aids use was discontinuous, while the
75% of infants, who underwent private speech therapy, used
hearing aids daily (p = 0.009).
The mean age of cochlear implantation was 24.25
months  8.28 (min = 10; max = 36), with a mean interval between
the diagnosis of HL and the age of implantation of 17.10
months  7.77 (min = 3; max = 31); moreover the pre-implant
hearing aid experience ranged from 3 months to 2.7 years with a
mean value of 8.33 months  4.68 and 19.5 months  6.67 for
congenital and acquired HL infants respectively.
3.2. Families’ proﬁle
As showed in Table 2, the economic status resulted of low type
in 21.44%, medium in 39.28% and high in 39.28%; the correlation
between economic status and F.E. score (100% of the families withlow economic status had a F.E.1 score and the 54.55% of the
families with high economic status had a F.E.3 score) evidenced a
signiﬁcant statistical difference among the groups (x2 = 21.7,
f.d. = 4, p < 0.0001). However, no relationship between economic
status and speech perception performance was found (p = 0.12).
The study of educational status evidenced primary school in
28.58%, high school in 28.58% and University degree in 42.84%; an
expectation of type 3 (F.E.3) was observed in the 0%, 25% and 50% of
the families with a low, medium and high educational status
respectively (x2 = 12.3, f.d. = 4, p = 0.015); furthermore, education-
al status did not result an important predictor of good speech
improvement (p = 0.2).
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Fig. 1. (a) Study of evolution of Categories of Auditory Performance (CAP) and Speech Intelligibility Rating (SIR) scores over time; (b) study of evolution ofmeaningful auditory
scale (IT-MAIS) and meaningful use of speech scale (MUSS) scores over time.
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score was found (p = 0.5); the low percentage (12%) of F.E.3 among
families in which the mother was housewife evidenced a relation-
ship between mother’s work and family expectations (p = 0.007).
In the 100% of cases of maximum expectations (F.E.3) a private
speech therapy was done to support the C.I. user (p = 0.008) and no
signiﬁcant relationship between kind of support service and
speech perception questionnaires results was found (p = 0.225).
Finally, concerning family’s expectations, observed of low
degree (F.E.1), medium degree (F.E.2) and high degree (F.E.3) in the
32.14, 39.28 and 28.58% of cases, no inﬂuence on speech
perception performance was evidenced (p = 0.18).
3.3. Characteristics of implant use
Twenty-four children underwent a ‘Cochlear’ type device while
in 4 infants the ‘Med-El’ device was used; with the exception of one
children, implanted with ‘Cochlear’ device and treated with the
Spectral-PEAK speechcoding strategy (SPEAK), for theother twenty-
seven children the Advanced Combination Encoder (ACE) strategy
was used. Only in one patient it was not possible to activate all
electrodes (becauseofhemi facial spasm),while in theother cases all
electrodes were activated post operation. The number of channels
ranged from 8 to 12, while the pulse stimulation rate ranged from
900 pulses/s to 2400 pulses/s; particularly in 42.85% of cases the
stimulation rate was 900 (12 subjects) and 1200 pulses/s (12
subjects)while in twocases, corresponding to7.14%, the stimulation
rate was higher (2400 pulse/s).
After implantation the children continued their speciﬁc
auditory-verbal therapy programme setting with a bilingual
approach using sign language and spoken language. No case was
in a setting where spoken language was used alone or with single
signs as support.
The length of CI use ranged from12months to 51monthswith a
mean value of 20.14  10.28; in 4 cases (14.29%) CI use was
discontinuous (short periods during the day), while in 85.71% the
implant was used all day (Table 1). Even if it was recommended to
wear a hearing aid in the contralateral ear, the bimodal stimulation
was performed only in 5 children (17.85%).
3.4. Audiometric thresholds data over time
The study of mean threshold data (Fig. 2) gathered from
population for both listening conditions with andwithout cochlear
implant evidenced a signiﬁcant improvement in hearing threshold
across the frequencies, especially 12 months post switch-on.
Particularly the mean hearing threshold improved from 96.96 to47.14 dB HL (p < 0.001) for 500 Hz, from 101.6 to 48.21 dB HL
(p < 0.001) for 1 KHz, from 107.14 to 49.82 dB HL (p < 0.001) for
2 KHz and from 115.71 to 72.14 dB HL (p < 0.001) for 4 KHz.
Audiological data at 18 months post implant, available only for 11
children, evidenced an audiometric curve within the speech
spectrum of conversational speech (mean hearing thresh-
old = 34.54, 38.18, 38.18, and 43.18 dB HL respectively for
500 Hz, 1, 2, and 4 KHz). Linear regression analysis (Fig. 2f)
conﬁrmed a progressive improvement of hearing threshold over
time (r  0.97).
3.5. Results from the questionnaires and variables associated
Table 3 reports mean values, standard deviation, median and t-
test for IT-MAIS, MUSS, CAP and SIR before cochlear implantation
and 3, 6 and 12 months post switch-on respectively; it is clearly
evidenced as speech perception and speech intelligibility perfor-
mances improved progressively after implantation. Linear regres-
sion (Fig. 1), performed comparing themean values for each speech
test, resulted statistically signiﬁcant (r values of 0.99, 0.98, 0.98
and 0.98 respectively for IT-MAIS, MUSS, CAP and SIR). Speciﬁcally
the study of t-test evidenced the highest signiﬁcant progression
after 6 month (p < 0.0001), even if in the 17.86% of cases
(corresponding to 5/28) the speech performances resulted poor.
Eleven cases were also examined at 18 months because the
length of CI use was >12 months; it resulted an improvement of
the median values respect to the previous examinations, with a
continuous progression in speech perception and intelligibility
capacities.
The relationship between speech performances of CI users and
families’ characteristics (economic status, educational status,
family size, mothers work status and expectation) were analyzed,
but none of these variables inﬂuenced signiﬁcantly speech
development (p  0.05) (Table 2). Among CI users’ characteristics
instead, only daily CI use (85.71% of the cohort) resulted an
important predictor of good speech improvement (p < 0.0001).
4. Discussion
Considering the high percentage (44.68%) of profound SNHL in
Western Sicily, mainly related to genetic causes, it is clear that
several children, who do not beneﬁt from hearing aids, could be
candidates to cochlear implantation [17–20].
Many studies have demonstrated that CI is a suitable method to
manage profound SNHL in children; however, because of a high
variability in speech performances among CI users, several studies
Table 3
Mean, standard deviation (S.D.), median and t-test (p<0.01) for MAIS, MUSS, CAP and SIR at preimplant and postimplant evaluations.
Speech perception and speech intelligibility test Examination
Preimplant 3 Months 6 Months 12 Months 18 Months*
MAIS
Mean S.D. 6.143.17 9.364.04 16.146.03 25.647.58 31.275.88
Median 7 9 15 27 32
t-test – 3.31 7.76 12.55 12.79
MUSS
Mean S.D. 4.573.39 8.284.06 14.55.85 25.647.58 26.916.34
Median 4 7 13 27 28
t-test – 3.71 7.76 12.55 11.67
CAP
Mean S.D. 0.960.33 1.43 0.79 2.50.74 3.251.00 3.400.58
Median 1 1 2.5 3 4
t-test – 2.86 9.96 11.43 11.7
SIR
Mean S.D. 1.030.19 1.42 0.50 2.10.574 2.775 0.71 3.13 0.59
Median 1 1 2 3 3
t-test – 3.86 9.49 12.23 10.16
* Statistical analysis performed on 11 children.
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cochlear implantation outcomes [1,2,5,7,8,11–13,16,26–36].
Thus the purpose of our study was to describe the main
outcomes obtained after cochlear implantation over a 12–18
months follow-up period and to correlate themwith family and/or
CI user proﬁle.
Our cohort consisted of 28 children with congenital or acquired
(before the 2nd year of life) bilateral SNHL with evidence of lack of
hearing aids beneﬁt and without intellectual disability; these
characteristics, used as criteria of inclusion in the study, made our
sample smaller but more homogeneous than those reported in
literature (mean age of cochlear implantation 24.25
months  8.28; min = 10; max = 36), allowing us to reply to critics
and counsel parents as well as to establish appropriate parental
expectations.
Others authors, in fact, studied larger groups of children but
implanted at different ages and followed in their speech
improvements for a variable period of time. Calmels et al., in
their study, examined 63 children from 1 to 10 years old, with a
median age of 45 months at the time of implantation and a 3 years
follow-up only in the 76% of their sample [37]. Wie, Taitelbaum-
Swead and Manrique studied instead children with a maximum
age at implantation of 15, 16, and 7 years respectively [12,38,39].
All these data, even if provide interesting information, are difﬁcult
to compare because of the heterogeneity of the cohorts studied.
The study of families’ proﬁle (Table 2), carried on with the
purpose to evidence any correlation between family character-
istics and the expectations score, showed a signiﬁcant statistical
differences for economic status (F.E.1 is strictly correlatedwith low
economic status; p < 0.0001), educational status (primary school is
strictly correlated with F.E.1; p = 0.01), mother’s work status (in
the 88% of family with F.E.1 the mothers are housewife; p = 0.007)
and private support service (the 100% of the cases of private
support service present the highest expectation scores; p = 0.008);
therefore low economic and educational status, no mother’s work
and public support service could be considered as predictors
factors for the lowest family expectation scores.
The analysis of audiometric thresholds over time (Fig. 2f) clearly
reveals a signiﬁcantly improved capacity to detect the presence of
sounds with the cochlear implant in comparison to the preopera-
tive unaided condition (p < 0.001). Particularly CI users easily
detect sounds within the spectrum of conversational speech: at 12
months post switch-on for frequencies 500 Hz, 1 and 2 KHz
(Fig. 2d) and at 18 months after implantation also for 4 KHz(Fig. 2e). These results conﬁrm previous demonstration of
improved auditory speech perception [1,2,5,7,12,30,37–39].
Speech perception tests evidenced a good improvement for all
children, although in the 17.86% of cases (5/28), a lower
progression in speech recognition was observed; additionally,
the 80% of infants with poorer speech improvement had a
discontinuous use of CI, with a signiﬁcant difference respect to
children with better speech perception scores (p < 0.0001). On the
contrary, neither ‘age at implant’ (p = 0.97), nor the ‘length of HL’
(p = 0.29) and the ‘interval between the diagnosis of HL and the CI’
(p = 0.26) resulted predictor factors of speech recognition im-
provement. Even if in contrast with literature data
[12,27,27,31,32,34], our ﬁndings could be explained because the
homogeneity of our cohort, characterized by low mean age at
implant (24.25 months  8.28; min = 10, max = 36), lowmean value
of length of HL (6.78 months  4.20; min = 2, max = 17), and low
mean interval between the diagnosis of HL and the age of
implantation (17.10 months  7.77; min = 3, max = 31). Instead,
Robbins et al., who studied a cohort with similar characteristics
(children implanted before the age of 2 years), obtained scores
superimposable to our results from the IT-MAIS questionnaire [40].
This fact indirectly evidences how early diagnosis of congenital
profound bilateral SNHL and young age at implantation (2 years of
life) represent crucial variables for children’s auditory speech
perception and language ability.
The study of SIR up to 1 year after implantation evidenced, in
the 46.42% of CI users, a SIR category = 3, considered by Flipsen as
‘barely intelligible’. In contrast, Bakhshaee et al. reported, in the
91% of a group of 47 CI users (age at implantation ranging between
13 and 68 months), a SIR category of 3+; differently Calmels et al.
found a SIR = 3+ only in the 17% of 63 children (mean age at
implantation of 45 months). However, as suggested by Flipsen, a
correct comparison between these ﬁndings is possible only after
three years of daily CI use [37,41,42].
Concerning to Categories of Auditory Performance (CAP), it
must be said that CAP is the only supraliminal auditory receptive
outcome measure that is applicable to all children irrespective of
their age and so the results of our study can be compared easily
with those of literature. Speciﬁcally, with a CAP average score of
3.25  1 and amedian value of 3 at 12months post implantation, our
outcomes are in linewith those of Govaerts et al.; in fact he found also
that children implanted before the age of 2 years, comparedwith their
normal hearing peers, showed similar CAP values just at threemonths
post implantation [7].
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Fig. 2. Audiometric thresholds over time (ANOVA test). Mean value (dB HL)  S.D., median (dB HL) and t-test for p < 0.001 relative to: (a) Preimplant – 5 KHz: 96.96  11.41, 100;
1 KHz: 101.61  10.97, 100; 2 KHz: 107.14  12.72, 100; 4 KHz: 115.71  7.66, 120; (b) 3 months – 0.5 KHz: 81.96  7.86, 80, 5.73; 1 KHz: 82.5  7.88, 80, 7.48; 2 KHz:
84.46  8.96, 85, 7.71; 4 KHz: 92.68  8.87, 100, 10.4; (c) 6 months – 0.5 KHz: 67.5  10.14, 70, 10.21; 1 KHz: 66.96  11, 65, 11.8; 2 KHz: 69.10  11.06, 70, 11.94; 4 KHz:
84.28  14, 90, 10.42; (d) 12 months – 0.5 KHz: 47.14  6.44, 50, 20.11; 1 KHz: 48.21  8.19, 50, 20.63; 2 KHz: 49.82  7.99, 50, 20.19; 4 KHz: 72.14  15.24, 75, 13.51; (e) 18
months (11 subjects) – 0.5 KHz: 34.54  6.10, 30, 14.16; 1 KHz: 38.18  5.6, 40, 15.33; 2 KHz: 38.18  5.6, 40, 16.49; 4 KHz: 43.18  5.6, 22.09; (f) linear regression (r index) of
audiometric threshold; 0.5 KHz r = 0.99, 1 KHz r = 0.99, 2 KHz r = 0.99, 4 KHz r = 0.97.
F. Martines et al. / International Journal of Pediatric Otorhinolaryngology 77 (2013) 707–7137125. Conclusion
The presence of a mandatory NHS programme in Sicily
highlights the necessity to better understand the main outcomes
in CI users. Through the study of families and CI users’ proﬁle it was
possible to recognize only the continuous use of CI as signiﬁcant
predictor of speech recognition improvement (p < 0.001); all the
other variables inﬂuence only the family’s expectation (p < 0.05),
but are irrelevant in the determination of CI user speech
performances. So it is important to spur the child’s parents on a
continuous CI use, especially in case of families with low economic
status and mother’s education level associated with poorer
expectations from implant use.
With an early diagnosis of SNHL (mean age of 7.14months) and
a C.I. surgery performed before the 3rd year of life (mean
age = 24.25 months), all 28 infants presented speech perception
and speech intelligibility performances comparable to thosereported in literature. However a larger sample and a 3–5 years
follow-up post implantation study are necessary to conﬁrm our
ﬁndings.
Financial disclosure and declaration of interest
The authors report no conﬂict of interest. The authors alone are
responsible for the content and writing of the paper.
References
[1] J.Z. Sarant, P.J. Blamey, R.C. Dowell, G.M. Clark, W.P. Gibson, Variation in speech
perception scores among children with cochlear implants, Ear Hear. 22 (1) (2001)
18–28.
[2] M.J. Osberger, L. Fisher, S. Zimmerman-Phillips, L. Geier, M.J. Barker, Speech
recognition performance of older children with cochlear implants, Am. J. Otolar-
yngol. 19 (1998) 152–157.
F. Martines et al. / International Journal of Pediatric Otorhinolaryngology 77 (2013) 707–713 713[3] G.M. O’Donoghue, T.P. Nikolopoulos, S.M. Archbold, Determinants of speech
perception in children after cochlear implantation, Lancet 356 (9228) (2000)
466–468.
[4] P.R. Kileny, T.A. Zwolan, C. Ashbaugh, The inﬂuence of age at implantation on
performancewith a cochlear implant in children,Otol.Neurotol. 22 (1) (2001)42–46.
[5] A.S. Uziel, M. Sillon, A. Vieu, F. Artieres, J.P. Piron, J.P. Daures, et al., Ten-year
follow-up of a consecutive series of childrenwithmultichannel cochlear implants,
Otol. Neurotol. 28 (5) (2007) 615–628.
[6] A.S. Uziel, F. Reuillard-Artieres, M. Sillon, A. Vieu, M. Mondain, J.P. Piron, et al.,
Speech-perception performance in prelingually deafened French children using
the nucleusmultichannel cochlear implant, Am. J. Otolaryngol. 17 (4) (1996) 559–
568.
[7] P.J. Govaerts, C. De Beukelaer, K. Daemers, G. De Ceulaer, M. Yperman, T. Somers,
et al., Outcome of cochlear implantation at different ages from 0 to 6 years, Otol.
Neurotol. 23 (6) (2002) 885–890.
[8] A.F. Snik, A.M. Vermeulen, J.P. Brokx, P. van den Broek, Long-term speech percep-
tion in children with cochlear implants compared with children with conven-
tional hearing aids, Am. J. Otolaryngol. 18 (1997) S129–S130.
[9] A. Geers, C. Brenner, L. Davidson, Factors associated with development of speech
perception skills in children implanted by age ﬁve, Ear Hear. 24 (1 Suppl.) (2003)
24–35.
[10] C.M. Connor, S. Hieber, H.A. Arts, T.A. Zwolan, Speech, vocabulary, and the
education of children using cochlear implants: oral or total communication? J.
Speech Lang. Hear. Res. 43 (5) (2000) 1185–1204.
[11] K.I. Kirk, R.T. Miyamoto, C.L. Lento, E. Ying, T. O’Neill, B. Fears, Effects of age at
implantation in young children, Ann. Otol. Rhinol. Laryngol. Suppl. 189 (2002)
69–73.
[12] O.B. Wie, E.S. Falkenberg, O. Tvete, B. Tomblin, Children with a cochlear implant:
characteristics and determinants of speech recognition, speech-recognition
growth rate, and speech production, Int. J. Audiol. 46 (5) (2007) 232–243.
[13] A. Sharma, M.F. Dorman, A. Kral, The inﬂuence of a sensitive period on central
auditory development in children with unilateral and bilateral cochlear implants,
Hear. Res. 203 (1–2) (2005) 134–143.
[14] A. Lesinski-Schiedat, A. Illg, A. Warnecke, R. Heermann, B. Bertram, T. Lenarz,
Paediatric cochlear implantation in the ﬁrst year of life: preliminary results, HNO
54 (7) (2006) 565–572.
[15] A.F. Snik, A.M. Vermeulen, C.P. Geelen, J.P. Brokx, P. van den Broek, Speech
perception performance of children with a cochlear implant compared to that
of children with conventional hearing aids. II. Results of prelingually deaf chil-
dren, Acta Otolaryngol. 117 (5) (1997) 755–759.
[16] A.F. Snik, A.M. Vermeulen, C.P. Geelen, J.P. Brokx, P. van den Broek, Speech
perception performance of congenitally deaf patients with a cochlear implant:
the effect of age at implantation, J. Otol. 18 (1997) S138–S139.
[17] F. Martines, M. Porrello, M. Ferrara, M. Martines, E. Martines, Newborn hearing
screening project using transient evoked otoacoustic emissions: Western Sicily
experience, Int. J. Pediatr. Otorhinolaryngol. 71 (1) (2007) 107–112.
[18] F. Martines, D. Bentivegna, S. Ciprı`, C. Costantino, D. Marchese, E. Martines, On the
threshold of effective well infant nursery hearing screening inWestern Sicily, Int.
J. Pediatr. Otorhinolaryngol. 76 (3) (2012) 423–427.
[19] F. Martines, P. Salvago, D. Bentivegna, A. Bartolone, F. Dispenza, E. Martines,
Audiologic proﬁle of infants at risk: experience of a Western Sicily tertiary care
centre, Int. J. Pediatr. Otorhinolaryngol. 76 (9) (2012) 1285–1291.
[20] F. Martines, E. Martines, M. Mucia, V. Sciacca, P. Salvago, Prelingual sensorineural
hearing loss and infants at risk: Western Sicily report, Int. J. Pediatr. Otorhinolar-
yngol. (2012), http://dx.doi.org/10.1016/j.ijporl.2012.12.023.
[21] A.M. Robbins, J.J. Remshaw, S.W. Berry, Evaluating meaningful auditory integra-
tion in profoundly hearing impaired children, J. Otol. 12 (Suppl) (1991) 144–150.
[22] S.M. Archbold, E. Lutmann, D.H. Marshall, Categories of auditory performance,
Ann. Otol. Rhinol. Laryngol. Suppl. 166 (1995) 312–314.[23] D. Dyar, Monitoring progress: the role of a speech and language therapist, in: B.
McCormick, S. Archbold, S. Sheppard (Eds.), Cochlear Implants for Young Children,
Whurr Publishers, London, 1994, pp. 237–268.
[24] A. Parker, S. Irlam, Speech intelligibility and deafness: the skills of listener and
speaker, in: S.L. Wirz (Ed.), Perceptual Approaches to Communication Disorders,
Whurr Publishers, London, 1995, pp. 56–83.
[25] S. Archbold, M.E. Lutman, T.P. Nikolopoulos, Categories of auditory performance:
inter-user reliability, Br. J. Audiol. 32 (1) (1998) 7–12.
[26] K.A. Gordon, K.A. Twitchell, B.C. Papsin, R.V. Harrison, Effect of residual hearing
prior to cochlear implantation on speech perception in children, J. Otolaryngol. 30
(4) (2001) 216–223.
[27] H.W. Francis, J.K. Niparko, Cochlear implantation update, Pediatr. Clin. North Am.
50 (2) (2003) 341–361.
[28] G.M. O’Donoghue, T.P. Nikolopoulos, S.M. Archbold, Determinants of speech
perception in children following cochlear implantation, Lancet 356 (9228)
(2000) 466–468.
[29] L.J. Spencer, B.A. Barker, J.B. Tomblin, Exploring the language and literacy out-
comes of pediatric cochlear implant users, Ear Hear. 24 (3) (2003) 236–247.
[30] S.S. Hehar, T.P. Nikolopoulos, K.P. Gibbin, G.M. O’Donoghue, Surgery and func-
tional outcomes in deaf children receiving cochlear implants before age 2 years,
Arch. Otolaryngol. Head Neck Surg. 128 (2002) 11–14.
[31] R.T. Miyamoto, D.M. Houston, K.I. Kirk, A.E. Perdew, M.A. Svirsky, Language
development in deaf infants following cochlear implantation, Acta Otolaryngol.
123 (2) (2003) 241–244.
[32] S.B. Waltzman, N.L. Cohen, R.H. Gomolin, J.E. Green, W.H. Shapiro, R.A. Hoffman,
et al., Open-set speech perception in congenitally deaf children using cochlear
implants, Am. J. Otolaryngol 18 (3) (1997) 342–349.
[33] T.P. Nikolopoulos, P. Wells, S.M. Archbold, Using listening progress proﬁle (LIP) to
assess early functional auditory performance in young implanted children,
Deafness Educ. Int. 2 (3) (2000) 142–151.
[34] R.T. Miyamoto, M.A. Svirsky, A.M. Robbins, Enhancement of expressive language
in prelingually deaf children with cochlear implants, Acta Otolaryngol. 117 (2)
(1997) 154–157.
[35] C. Allen, T.P. Nikolopoulos, G.M. O’Donoghue, Speech intelligibility in children
following cochlear implantation, Am. J. Otolaryngol 19 (6) (1998) 742–746.
[36] T.P. Nikolopoulos, G.M. O’Donoghue, S.M. Archbold, Age at implantation: its
importance in pediatric cochlear implantation, Laryngoscope 109 (1999) 595–
599.
[37] M.N. Calmels, I. Saliba, G. Wanna, N. Cochard, J. Fillaux, O. Deguine, et al., Speech
perception and speech intelligibility in children after cochlear implantation, Int. J.
Pediatr. Otorhinolaryngol. 68 (3) (2004) 347–351.
[38] R. Taitelbaum-Swead, L. Kishon-Rabin, R. Kaplan-Neeman, C. Muchnik, J. Kronen-
berg, M. Hildesheimer, Speech perception of children using nucleus, clarion or
Med-El cochlear implants, Int. J. Pediatr. Otorhinolaryngol. 69 (12) (2005) 1675–
1683.
[39] M. Manrique, A. Huarte, C. Morera, L. Caballe´, A. Ramos, C. Castillo, et al., Speech
perception with the ACE and the SPEAK speech coding strategies for children
implanted with the Nucleus1 cochlear implant, Int. J. Pediatr. Otorhinolaryngol.
69 (12) (2005) 1667–1674.
[40] A.M. Robbins, D.B. Koch, M.J. Osberger, S. Zimmerman- Phillips, L. Kishon-Rabin,
Effect of age at cochlear implantation on auditory skill development in infants and
toddlers, Arch. Otol. Head Neck Surg. 130 (5) (2004) 570–574.
[41] M. Bakhshaee, M.M. Ghasemi, M.T. Shakeri, N. Razmara, H. Tayarani, M.R. Tale,
Speech development in children after cochlear implantation, Eur. Arch. Otorhi-
nolaryngol. 264 (11) (2007) 1263–1266.
[42] P. Flipsen, Intelligibility of spontaneous conversational speech produced by
children with cochlear implants: a review, Int. J. Pediatr. Otorhinolaryngol. 72
(2008) 559–564.
